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BRAKE CONTROL SYSTEM AND METHOD
FOR AUTOMOTIVE VEHICLE

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates to a brake control system and
method for an automotive vehicle, especially 1s suitable for
the brake control system and method for the automotive
vehicle which are capable of controlling a braking force for
cach of road wheels individually and separately from a brake
operation state by a vehicle driver.

2. Description of the Related Art

A Japanese Patent Application First Publication No. 2003-
1’72385 published on Jun. 20, 2003 (which corresponds to a
U.S. Pat. No. 6,672,433 1ssued on Jan. 6, 2004) exemplifies a
previously proposed brake control system 1n which a quality
of a Iriction material of a brake unit 1s adjusted so that a
braking force (=a irictional coetlicient of the friction mate-
rial) 1s increased along with an increase in a braking passage
time, viz., a decrease of a vehicle traveling velocity up to a
predetermined region and, thereafter, the braking force 1s
made constant or made substantially constant. Thus, a com-
patibility between a sense of security on an movement of the
braking force with respect to an operation at the first haltf of
braking and a suppression of a self-oscillation and an easiness
in a fine adjustment such as the adjustment of a stopped
position of the vehicle at the latter haltf of braking 1s achieved.

SUMMARY OF THE INVENTION

However, since, 1n the brake system disclosed in the above-
described Japanese Patent Application First Publication, an
aging characteristic or a traveling speed characteristic of the
braking force 1s adjusted only according to the quality of the
friction material, a substantial braking force characteristic 1s
varied according to a partial wear and a temperature of the
friction material. It 1s, thus, difficult to stably obtain a desired
characteristic.

It 1s, therefore, an object of the present invention to provide
brake control system and method for an automotive vehicle
which are capable of being stably compatible between the
sense of security at the first half of braking and the suppres-
s10n of the self-oscillation and easiness in the fine adjustment
of the vehicular stopped position at the latter half of braking.

According to one aspect of the present invention, there 1s
provided a brake control system for an automotive vehicle,
comprising: a braking operation state detecting section that
detects a braking operation state by a vehicle driver; a refer-
ence vehicle body deceleration setting section that sets a
reference vehicle body deceleration 1n accordance with the
braking operation state detected by the braking operation
state detecting section; a vehicle body deceleration increment
correction quantity setting section that sets a vehicle body
deceleration increment correction quantity in accordance
with at least one of a traveling velocity of the vehicle and a
braking passage time; and a braking force controlling section
that controls the braking force of each road wheel on the basis
of an addition value of the reference vehicle body decelera-
tion set by the reference vehicle body deceleration setting
section and the vehicle body deceleration increment correc-
tion quantity set by the vehicle body deceleration increment
correction quantity setting section, the vehicle body decelera-
tion increment correction quantity setting section setting the
vehicle body deceleration increment correction quantity to
zero during a start of braking, setting the vehicle body decel-
eration increment correction quantity to be gradually larger
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along with at least one of a decrease 1n the traveling velocity
of the vehicle and an increase 1n a braking passage time 1n a
first region 1n which the traveling velocity of the vehicle 1s
equal to or higher than a first predetermined traveling veloc-
ity, and setting the vehicle body deceleration increment cor-
rection quantity to a substantially constant value 1n a second
region 1n which the traveling velocity of the vehicle 1s lower
than the first predetermined traveling velocity.

According to another aspect of the present invention, there
1s provided a brake control method for an automotive vehicle,
comprising: detecting a braking operation state by a vehicle
driver; setting a reference vehicle body deceleration 1n accor-
dance with the braking operation state detected at the braking
operation state detecting; setting a vehicle body deceleration
increment correction quantity in accordance with at least one
of a traveling velocity of the vehicle and a braking passage
time; and controlling the braking force of each road wheel on
the basis of an addition value of the reference vehicle body
deceleration set at the reference vehicle body deceleration
setting and the vehicle body deceleration increment correc-
tion quantity set at the vehicle body deceleration increment
correction quantity setting, at the vehicle body deceleration
increment correction quantity setting, setting the vehicle
body deceleration increment correction quantity to zero dur-
ing a start of braking, setting the vehicle body deceleration
increment correction quantity to be gradually larger along
with at least one of a decrease 1n the traveling velocity of the
vehicle and an increase 1n a braking passage time in a first
region in which the traveling velocity of the vehicle 1s equal to
or higher than a first predetermined traveling velocity, and
setting the vehicle body deceleration increment correction
quantity to a substantially constant value 1n a second region 1n
which the traveling velocity of the vehicle 1s lower than the
first predetermined traveling velocity.

This summary of the invention does not necessarily
describe all necessary features so that the imnvention may also
be a sub-combination of these described features.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s arough system configuration view of an automo-
tive vehicle to which a brake control system according to the
present invention in a first preferred embodiment 1s appli-
cable.

FIG. 2 1s a tlowchart representing a calculation processing,
of a calculation of a braking flmid pressure command value
executed 1n a braking fluid pressure controller shown 1n FIG.
1.

FIGS. 3A and 3B are integrally a timing chart for explain-
ing an action achieved by the calculation processing shown in
FIG. 2.

FIG. 4 1s a flowchart representing the calculation process-
ing of the calculation of the braking tluid pressure command
value executed 1n the braking fluid pressure controller 1n a
brake control system 1n a second preferred embodiment.

FIG. 5 1s a control map used 1n the calculation processing
shown 1n FIG. 4.

FIG. 6 1s a control map used 1n the calculation processing
shown 1n FIG. 4.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR

L1
]

ERRED

Retference will hereinaiter be made to the drawings in order
to facilitate a better understanding of the present invention.

FIG. 1 shows a system configuration view of an automotive
vehicle to which a first preferred embodiment of a brake
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control system according to the present invention 1s appli-
cable. This vehicle 1s a front wheel drive vehicle in which
front road wheels 1FL and 1FR are driving wheels and rear
wheels 1RL and 1RR are driven wheels. An engine drive
torque 1s transmitted to front road wheels 1FL, 1FR via a
torque converter equipped automatic transmission. Each road
wheel 1FL through 1RR 1s equipped with a wheel cylinder
4FL through 4RR constituting a, so-called, disc brake. Wheel
cylinders 4FL through 4RR provide braking forces for
respective road wheels 1FL through 1RR according to sup-
plied braking fluid pressures. In this embodiment, wheel cyl-
inders 4FL through 4RR are mechanically connected to a
master cylinder 22 (via a distribution tube) which raises a
braking fluid pressure along with an operation of a brake
pedal (braking operator) 2 by a dniver.

In addition, a braking fluid pressure control unit 10 1s
intervened between master cylinder 22 and wheel cylinders
4FL through 4RR of each road wheel 1FL through 1RR to
adjust individually and separately the braking fluid pressures
to respective wheel cylinders 4FL through 4RR. Specifically,
braking fluid pressure control unit 10 increases the pressure
of the braking fluid pressure as, for example, a driving force
control system (TCS) and decreases the braking fluid pres-
sure such as an anti-skid control system (ABS). Thus, the
braking fluid pressure to wheel cylinders 4FL through 4RR of
cach road wheel 1FL through 1RR 1s adjusted individually
and separately from the braking fluid pressure from master
cylinder 22 and the braking force to each road wheel 1FL
through 1RR can be controlled. Therefore, within braking
fluid pressure control unit 10, a pump to suck or drain a
working tluid and a pressure regulator valve or electromag-
netic solenoid valve to control the braking fluid pressure itself
are equipped. In this braking fluid pressure control unit 10,
operation states of the pump and electromagnetic solenoid
valve are controlled in accordance with a braking fluid pres-
sure command value from a braking fluid pressure controller
13 so that the braking fluid pressures to wheel cylinders 4FL
through 4RR forrespective road wheels 1FL through 1RR are
controlled.

In the vehicle shown 1n FIG. 1, revolution speeds (veloci-
ties) of respective road wheels 1FL through 1RR are detected
by means of wheel velocity sensors SFL through SRR as road
wheel velocities Vw,, a brake pedal switch 6 which 1s turned
to ON when brake pedal 2 1s depressed, and a pressure sensor
7 to detect an output pressure of master cylinder 22 as a master
cylinder pressure P, .~ are 1nstalled.

Braking fluid pressure controller 13 includes a calculation
processing unit such as a microcomputer to perform various
arithmetic operations. In addition, this braking tluid pressure
controller 13 performs a mutual communication with an
engine controller 12 which controls an engine driving state
and mputs engine driving information such as an engine
torque T, from engine controller 12. Then, braking fluid
pressure controller 13 calculates a braking tluid pressure
command value on the basis of road wheel velocities Vw,
detected by road wheel velocity sensors SFL through SRR, a
brake pedal switch signal BRK from brake pedal switch 6,
master cylinder pressure P, .~ detected by pressure sensor 7,
or the engine driving information such as an engine torque T .
inputted from engine controller 12 and outputs this command
value to braking fluid pressure control umt 10.

Next, a calculation processing of calculating the braking
fluid pressure command value executed 1n braking fluid pres-
sure controller 13 will be described with reference to a tlow-
chart of FIG. 2. This calculation processing 1s executed by a
timer mterrupt for each of predetermined sampling times AT,
for example, set to 10 milliseconds. It 1s noted that, although
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the flowchart shown 1 FIG. 2 does not 1nstall steps for the
communications for another controller or control unit, the
result obtained through the calculation processing 1s updated
and stored 1n, for example, a random access memory and
necessary mformation or program are read from the random
access memory.

As shown 1n FIG. 2, at a step S1, braking fluid pressure
controller 13 reads master cylinder pressure P, - detected by
pressure sensor 7. At the next step S2, braking tluid pressure
controller 13 calculates a reference vehicle body deceleration
command value Gceo required for the vehicle body from, for
example, a proportional function of master cylinder P, , -, viz.,
from a predetermined function 1 related to master cylinder
pressure P, . .read at step S1. At the next step S3, braking tluid
pressure controller 13 reads road wheel velocities Vw, (1I=FL
through RR) detected by means of respective road wheel
velocity sensors SFL through SRR. At the next step S4, brak-
ing fluid pressure controller 13 calculates the vehicular trav-
cling velocity V from an average value of road wheel veloci-
ties Vw, read at step S3 or an average rear road wheel velocity
of rear road wheels 1RL and 1RR which are driven wheels.

At the next step S35, braking fluid pressure controller 13
reads brake lamp switch signal BRK from brake lamp switch
6. At the next step S6, braking fluid pressure controller 13
determines whether brake lamp switch signal BRK read at
step S5 1s on state. I brake lamp switch signal BRK i1s on state
(Yes) at step S6, the routine goes to a step S7. If No at step S6,
the routine goes to a step S13.

At step S7, braking fluid pressure controller 13 determines
whether traveling velocity V of the vehicle calculated at step
S4 15 equal to or lower than a second predetermined traveling
velocity V, set, for example, from about 50 Km/h (an upper
limit value of an ordinary traveling velocity 1n an urban area)
to about 70 Km/h (an upper limit value of an ordinary trav-
cling velocity at the suburbs). If traveling velocity V 1s equal
to or lower than second predetermined traveling velocity V,
(Yes), the routine goes to a step S8. If (No), the routine goes
to a step S14.

At step S8, braking fluid pressure controller 13 determines
whether traveling velocity V of the vehicle calculated at step
S4 1s equal to or lower than a first predetermined traveling
speed V, set, for example, at about 20 Km/h (a velocity of the
vehicle at which the vehicle driver starts to adjust the stopped
position or a velocity of the vehicle immediately before a
self-oscillation of a brake caliper and a brake rotor (herein-
alter, referred to as a brake unit) 1s started). If traveling veloc-
ity V 1s equal to or higher than first predetermined traveling
velocity V,, the routine goes to a step S9. If not so (No) at step
S8, the routine goes to a step S16. At step S9, braking fluid
pressure controller 13 increments a timer counter CNT by one
(CNT<—CNT+1) and the routine goes to a step S10. It 1s noted
that timer counter CNT accumulates an actual passage time
at, for example, a unit of 10 mailliseconds.

At step S10, braking fluid pressure controller 13 calculates
a vehicle body deceleration increment correction quantity
AGc by multiplying timer counter CN'T incremented by step
S9 with a predetermined increase rate Ao and the routine goes
to a step S11. Predetermined increase rate Ao 1s to increase the
deceleration developed on the vehicle body at a predeter-
mined gradient. For example, predetermined increase rate Ao
1s a variation rate having a magnitude to a degree such that the
vehicle driver feels that the deceleration 1s gradually
increased, to a degree such that the vehicle driver hardly feels
that the deceleration 1s increased or to a degree such that the
vehicle driver does not feel the increase 1n a pitching quantity
of the vehicle body. Specifically, predetermined increase rate
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Ao is set to, for example, 0.08 m/s*/sec. during the braking of
approximately 2 m/s*. This cannot give an unpleasant feeling
to the driver.

On the other hand, at step S13, braking fluid pressure
controller 13 clears vehicle body deceleration command
value Gc¢ to “0”” and the routine goes to a step S14. At step S14,
timer counter CN'T 1s cleared to “0” and the routine goes to a
step S15. At step S15, vehicle body deceleration increment
correction quantity AGc 1s cleared to “0” and the routine goes
to a step S11. At step S16, timer counter CN'T 1s cleared to “0”
and the routine goes to a step S17. At step S17, braking fluid
pressure controller 13 sets vehicle body deceleration incre-
ment correction quantity AGc to a previous value and the
routine goes to step S11. It 1s noted that in a case where
traveling velocity V at the time of the braking start 1s lower
than first predetermined traveling velocity V,, the previous
value of vehicle body deceleration increment correction
quantity AGc 1s “0”.

At step S11, braking fluid pressure controller 13 calculates
a vehicle body deceleration command value Gc from an addi-
tion value between reference vehicle body deceleration com-
mand value Gco calculated at step S2 and vehicle body decel-
eration increment correction quantity AGce set at step S10 or
step S135. At the next step S12, braking tluid pressure control-
ler 13 calculates and outputs the braking tluid pressure com-
mand values for the respective road wheels 1n accordance
with vehicle body deceleration command value Gce calculated
at step S11 to braking fluid pressure control unit 10. Then, the
routine 1s returned to a main program.

According to this calculation processing shown in FIG. 1,
when traveling velocity V of the vehicle 1s higher than second
predetermined traveling velocity V,, vehicle body decelera-
tion increment correction quantity AGce 1s “0”. When travel-
ing velocity V of the vehicle 1s between first predetermined
traveling velocity V, and second predetermined traveling
velocity V,, vehicle body deceleration increment correction
quantity AGc 1s gradually increased at predetermined
increase rate Ao along with the increase of the braking pas-
sage time. When traveling velocity V of the vehicle 1s lower
than first predetermined traveling velocity V,, vehicle body
deceleration increment correction quantity AGce 1s held, viz.,
set to a constant value.

In addition, vehicle body deceleration correction quantity
AGc during a start of braking 1s “0”. Hence, 11 the braking 1s
started at a region 1n which traveling velocity V of the vehicle
1s higher than second predetermined traveling V,, vehicle
body deceleration increment correction quantity AGc
remains at “0” until traveling velocity V of the vehicle 1s
reached to second predetermined traveling velocity V,. In
addition, even 11 the braking 1s started at the region 1n which
traveling velocity V of the vehicle 1s lower than first prede-
termined traveling velocity V,, vehicle body deceleration
increment correction quantity AGe remains at “0”. On the
other hand, if the braking 1s started at traveling velocity V
between first predetermined traveling velocity V', and second
predetermined traveling velocity V,, vehicle body decelera-
tion increment correction quantity AGce 1s gradually increased
at predetermined increment rate Ao until traveling velocity V
of the vehicle becomes first predetermined traveling velocity
V.. From a time at which traveling velocity V of the vehicle
becomes first predetermined traveling velocity V,, vehicle
body deceleration increment correction quantity AGe when
traveling velocity V of the vehicle becomes first predeter-
mined traveling velocity V, 1s held at a substantially constant
value.

FIGS. 3A and 3B tegrally show an aging vaniation of
vehicle body deceleration increment correction quantity AGc
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when assuming that the braking 1s started at a time T, when
traveling velocity V of the vehicle 1s present within a region
higher than second predetermined traveling velocity V, and
traveling velocity V of the vehicle 1s decelerated at an
approximately constant gradient. It 1s noted that, for facilitat-
ing the explanation, reference vehicle body deceleration com-
mand value G, 1n accordance with master cylinder P, . 1s
held at the constant value or at an approximately constant
value.

In this simulation, vehicle body deceleration increment
correction quantity AGc 1s held at “0” while the time has
reached from time point T,; to a time point T,, at which
traveling velocity V of the vehicle becomes second predeter-
mined traveling velocity V. In a, so-called, high speed trav-
cling state 1n which traveling velocity V of the vehicle 1s equal
to or higher than second predetermined velocity V,, the
vehicle driver, generally, does not expect the large decelera-
tion and rather carries out the braking such that traveling
velocity V 1s fine adjusted. The maintenance of vehicle body
deceleration increment correction quantity AGce to “0” facili-
tates fine adjustment of traveling velocity V.

From time point T,, at which traveling velocity V of the
vehicle becomes second predetermined traveling velocity V,
to time point T, at which traveling velocity V becomes first
traveling velocity V,, vehicle body deceleration increment
correction quantity AGc 1s set to gradually be large at prede-
termined increment rate Ao together with an increase 1 a
braking passage time (=timer counter CNT) or together with
a decrease 1n traveling velocity V of the vehicle. In a, so-
called, middle speed traveling state in which traveling veloc-
1ty V 1s equal to or lower than second predetermined traveling
velocity V, and equal to or higher than first predetermined
traveling velocity V,, the vehicle dniver feels relieved since
the deceleration 1s gradually increased. The vehicle driver can
obtain the sense of security by setting vehicle body decelera-
tion 1ncrement correction quantity AGe larger together with
the increase of the braking passage time.

Then, after time point T, at which traveling velocity V of
the vehicle becomes first predetermined traveling speed V,,
vehicle body deceleration increment correction quantity AGc
1s held at a value of time point T,5. In a, so-called low speed
traveling state 1n which traveling velocity V 1s equal to or
lower than first predetermined traveling velocity V,, the
vehicle driver generally carries out a fine adjustment of the
braking force such that the vehicle stopped position 1s
adjusted. Thus, vehicle body deceleration increment correc-
tion quantity AGc 1s maintained at a constant value or sub-
stantially constant value. Hence, the fine adjustment of the
braking force becomes easy. In addition, since first predeter-
mined traveling velocity V, 1s set to a velocity before the
brake unit starts the self-oscillation, the self-oscillation can be
suppressed.

In this way, according to the brake control system 1n the
firstembodiment, vehicle body increment correction quantity
AGc during the start of braking 1s set to “0”, vehicle body
deceleration increment correction quantity AGce 1s set to be
gradually larger along with the increase 1n the braking pas-
sage time or decrease 1n traveling velocity V of the vehicle 1n
a region 1n which traveling velocity V of the vehicle 1s equal
to or higher than first predetermined traveling velocity V,,
and 1n a region 1n which traveling velocity V of the vehicle 1s
equal to or lower than first predetermined velocity V, , vehicle
body deceleration increment correction quantity AGc 1s set to
be constant value or substantially constant value. Thus, the
sense of security at the first half of braking and the suppres-
s10n of the self-oscillation and easiness 1n the fine adjustment
at the last half of braking 1s stably compatible.
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As described above, pressure sensor 7 shown in FIG. 1 and
step S1 1n the calculation processing constitutes a braking
operation state detecting section (means), step S2 1n the cal-
culating section constitutes a reference vehicle body decel-
eration setting section (means), and steps S6 through S10 of
the calculation processing and steps S13 through S16 consti-
tute a vehicle body deceleration increment correction quan-
tity setting section (means), and steps S1 and S12 of the
calculation processing shown in FIG. 2, braking fluid pres-
sure control unit 10 shown in FIG. 1, and braking tfluid pres-
sure controller 13 constitutes a braking force controlling sec-
tion (means).

Next, a second preferred embodiment of the brake control
system according to the present invention will be described
below. A rough configuration of the vehicle 1n this embodi-
ment 1s generally the same as shown 1n FIG. 1. In this embodi-
ment, the calculation processing carried out within braking
fluid pressure controller 13 1s changed from FIG. 2 1n the case
of the first embodiment to FIG. 4 1n the case of this embodi-
ment. Steps S21 through S25 are generally the same as steps
S1 through S5, respectively. Hence, the detailed explanation
of these steps S21 through S25 will herein be omitted. At a
step S26, braking fluid pressure controller 13 determines
whether brake lamp switch signal BRK 1s turned to ON. If
brake lamp switch signal BRK 1s turned to ON, the routine
goes to a step S27. If No at step S26, the routine goes to a step
S31.

Atstep S27, braking fluid pressure controller 13 calculates,
in accordance with a control map shown in FIG. 5, areference
vehicle body deceleration increment correction quantity
AGco according to traveling velocity V calculated at step S24
and the routine goes to a step S32. The control map shown 1n
FIG. 5 1s a conversion of vehicle body deceleration increment
correction quantity AGc described 1n the first embodiment
into reference vehicle body deceleration increment correction
quantity AGco so as to enable the setting thereof 1n accor-
dance with traveling velocity V of the vehicle. In a region 1n
which traveling velocity V of the vehicle 1s equal to or higher
than second predetermined traveling velocity V, set, for
example, from approximately 50 Km/h (the upper limit value
of the ordinary traveling velocity in the urban area) to
approximately 70 Km/h (the upper limit value of the ordinary
traveling velocity at the suburbs), reference vehicle body
deceleration increment quantity AGceo 1s “0”. In a region 1n
which traveling velocity V of the vehicle 1s equal to or lower
than second predetermined traveling velocity V, and 1s equal
to or higher than first predetermined traveling velocity V,
which 1s set to, for example, approximately 20 Km/h (the
velocity at which the vehicle driver starts to adjust the stopped
position of the vehicle or the velocity slightly higher than a
velocity at which (immediately before) the brake unit starts
the self-oscillation), reference vehicle body deceleration
increment correction quantity AGceo 1s set to be gradually
large at a constant gradient (may not be constant but may
gradually and minutely increased or gradually and minutely
decreased). In a region 1n which traveling velocity V 1s equal
to or lower than first predetermined traveling velocity V', and
equal to or higher than third predetermined traveling velocity
V,, reference vehicle deceleration increment correction
quantity AGco when traveling velocity V of the vehicle 1s first
predetermined traveling velocity V, 1s held. It 1s noted that an
increase rate of reference vehicle body deceleration incre-
ment correction quantity AGeo which 1s largely set along with
the decrease in traveling velocity V of the vehicle in the region
in which traveling velocity V of the vehicle 1s between second
predetermined traveling velocity V, and first predetermined
traveling velocity V, 1s a vaniation rate having the magnitude
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to a degree such that the driver feels that the deceleration 1s
gradually increased, to a degree such that the vehicle driver
hardly feels the increase of the deceleration, or to a degree
such that the driver does not feel an increase of a pitching of
a vehicle body. Specifically, the variation rate 1s set to 0.08
m/s*/sec. during the braking of, for example, about 2 m/s>.

Furthermore, in the second embodiment, third predeter-
mined traveling speed V, 1s set 1n a traveling velocity region
in which traveling velocity V of the vehicle 1s lower than first
predetermined traveling speed V. Then, 1in a region of trav-
cling velocity which 1s equal to or lower than third predeter-
mined traveling velocity V5, reference vehicle body decelera-
tion increment correction quantity AGco 1s set to be gradually
small at a constant gradient (may not be constant but may
gradually and minutely be increased or gradually and
minutely be decreased) along with the decrease 1n traveling
velocity V of the vehicle or the increase in the braking passage
time. In order to avoid the pitching or the reactive shock at a
time of a vehicular stop, this third predetermined traveling
velocity V, 1s 1n a traveling velocity region in which the
vehicle driver weakens the braking force at a time 1immedi-
ately before the vehicle stops. By making reference vehicle
body deceleration increment correction quantity AGceo 1n this
traveling velocity region small, that 1s to say, by making the
braking force (an increment correction quantity of the brak-
ing force) small, 1n place of the vehicle driver, the pitching at
the time of the vehicular stop or reactive shock 1s suppressed
and prevented. This third predetermined traveling velocity V4
may be a traveling velocity having a magnitude 1 which a
resistance such as a running resistance which varies 1n accor-
dance with, for example, the traveling velocity 1s hardly var-
ied and 1s negligible or the traveling velocity at which a drive
torque transmitted from the engine to front wheels 1FL, 1FR
which are driving wheels via the automatic transmission 1s
changed from a negative value (an engine brake torque) to a
positive value (a creep torque). It 1s desirable that a decrease
rate of reference vehicle body deceleration increment correc-
tion quantity AGco 1n traveling velocity region equal to or
lower than third predetermined traveling velocity V, has a
degree such that the vehicle driver does not feel the variation
in the deceleration. Hence, a maximum decrease width 1s
desirably, for example, 0.02 G through 0.05 G.

Referring back to step S28 1n FIG. 4, braking fluid pressure
controller 13 determines whether a previous value BRKo of
brake lamp switch signal updated and stored into a memory
unit has been 1n an OFF state. If previous value BRKo of
brake lamp switch signal 1s in the OFF state (Yes), the routine
goes to a step S29. If previous value BRKo 1s not 1n the OFF
state (No), the routine goes to a step S30. At step S29, braking
fluid pressure controller 13 updates and stores reference
vehicle body deceleration increment correction quantity
AGco calculated at step S27 into the memory as a reference
vehicle body deceleration increment correction nitial value
AGc, and the routine goes to step S30. That 1s to say, a value
ol reference vehicle body deceleration increment correction
quantity AGco when the brake lamp 1s turned from the off
state to the on state 1s stored as an 1nitial value.

At step S30, a subtraction value of reference vehicle body
deceleration increment correction quantity nitial value AGec,
from reference vehicle body deceleration increment correc-
tion quantity AGco 1s compared with “0” and braking fluid
pressure controller 13 calculates one of the subtraction value
and “0” which 1s larger than the other as vehicle body decel-
eration increment correction quantity AGce and the routine
goes to a step S32. That 1s to say, only a difference value from
reference vehicle body deceleration increment correction
quantity imitial value AGeci 1s vehicle body deceleration incre-
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ment correction quantity AGce to be added to reference vehicle
body deceleration command value Gco 1n accordance with
master cylinder pressure P, ,~. During the braking start, this
correction quantity AGc 1s “0”.

On the other hand, at a step S31, braking fluid pressure
controller 13 sets vehicle body deceleration increment cor-
rection quantity AGc to “0”” and the routine goes to a step S32.
At a step S32, braking fluid pressure controller 13 reads
engine torque T, from the engine driving information
obtained from engine controller 12. Next, the routine goes to
a step S33 at which braking tluid pressure controller 13 cal-
culates a drive torque T, by multiplying engine torque T .
read at step S32 with a predetermined conversion coefficient
k,. It 1s noted that predetermined conversion coefficientk, is,
for example, a product value between a shiit ratio (speed
reduction ratio) of the automatic transmission and a speed
reduction ratio of a final differential gear.

At the next step S34, braking fluid pressure controller 13
calculates an engine torque corresponding deceleration cor-
rection quantity AG . by dividing drive torque T, calculated at
step S33 with a tire dynamic radius R and a vehicle body mass
M. This engine torque corresponding deceleration correction
quantity AG,. 1s to remove engine torque 1. of the negative
value or positive value from vehicle body deceleration com-
mand value Gc¢ or to load onto vehicle body deceleration
command value Gc although, for example, as shown 1n FIG.
6, engine torque T, developed along with the decrease in the
traveling velocity 1s varied from the engine brake torque (the
negative value) to the creep torque (the positive value). Con-
ceptually, a value 1n which a sign 1s inverted (-AG,.) 1s as
denoted by a dot line shown in FIG. 6.

Next, the routine goes to a step S35. At step S35, braking
fluid pressure controller 13 calculates vehicle body decelera-
tion command value Gc¢ which 1s a subtraction of engine
torque corresponding deceleration correction value AG,. cal-
culated at step S34 from an addition value of reference
vehicle body deceleration command value Gceo calculated at
step S22 and vehicle body deceleration increment correction
quantity AG . calculated at step S34. Then, the routine goes to
the next step S36, braking tluid pressure controller 13 calcu-
lates a braking fluid pressure command value for each road
wheel 1n accordance with vehicle body deceleration com-
mand value Gc calculated at step S35 and outputs 1t toward
braking fluid pressure control unit 10. Then, the routine goes
to the next step S37. At step S37, brake lamp switch signal
BRK read at step S25 1s updated as previous value BRKo of
the brake lamp switch signal to a predetermined region of the
storage umit (memory) and the routine is returned to a main
program.

Hence, according to the braking control system for the
automotive vehicle 1n the second preferred embodiment, 1n
the same way as the first embodiment, the sense of security at
the first half of braking and the fine adjustment at the latter
half of brakmg are stably compatible. The deceleration due to
the difference in traveling velocity V at the time of start of
braking 1s not varied. Thus, the driver does not give the
unpleasant feeling. In addition, in a region in which traveling
velocity V of the vehicle 1s equal to or higher than second
predetermined traveling velocity V,, vehicle body decelera-
tion increment correction quantity AGe 1s “0” so that the fine
adjustment of traveling velocity V 1n a high-speed traveling
state becomes easy. In a region 1n which traveling velocity V
of the vehicle 1s equal to or higher than first predetermined
traveling velocity V,, vehicle body deceleration increment
correction quantity AGc1s gradually largely set along with the
decrease 1n traveling velocity V of the vehicle. At this time,
vehicle body deceleration increment correction quantity AGc
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1s gradually largely set at a predetermined increment rate
having a degree such that the vehicle driver feels that the
deceleration 1s gradually increased, a degree such that the
vehicle driver hardly feels that the deceleration 1s gradually
increased, a degree such that the vehicle driver hardly feels
the increase in the deceleration, or a degree such that the
vehicle driver does not feel the increase 1n the vehicle body
pitching quantity. Consequently, the vehicle driver does not
give the unpleasant feeling.

In addition, 1n this embodiment, 1n a region 1n which trav-
cling velocity V of the vehicle 1s equal to or lower than third
predetermined traveling velocity V,, reference vehicle body
deceleration increment correction quantity AGco 1s set to be
gradually small at the constant gradient along with the
decrease 1n traveling velocity V of the vehicle. Thus, 1n place
ol the braking force control by the vehicle driver, 1t becomes
possible to suppress and prevent the pitching or 1ts reactive
shock during the vehicular stop. Especially, when third pre-
determined traveling velocity V, 1s set to be the traveling
velocity having the magnitude to a degree such that the resis-
tance such as the traveling resistance varied 1n accordance
with, for example, the traveling velocity 1s hardly varied and
1s negligible or the traveling velocity at which the drive torque
transmitted from the engine to the driving wheels, viz., front
road wheels 1FL, 1FR wvia the automatic transmission 1s
changed from the negative value (engine brake torque) to the
positive value (creep torque), the vehicle body pitching or its
reactive shock during the vehicular stop can eflectively be
suppressed or prevented. In other words, since a deceleration
clement 1s small 1n the traveling region 1n which the running
resistance 1s negligible and an acceleration element 1s present
in the running velocity region 1n which the drive torque 1ndi-
cates the positive value, the braking force 1s made small 1n
such velocity regions as described above. Thus, the vehicle
body pitching or its reactive shock can effectively be sup-
pressed or prevented.

In this embodiment, engine torque corresponding decel-
eration correction quantity AG. 1n accordance with engine
torque T 1s calculated and set. The braking fluid pressure 1s
controlled on the basis of the subtraction value of engine
torque corresponding deceleration correction quantity AG.
from reference vehicle body deceleration increment correc-
tion quantity AGco. Thus, the fine adjustment of the braking
force 1n accordance with the engine brake torque or the creep
torque can be made in place of the vehicle driver. As described
above, pressure sensor 7 shown 1n FIG. 1 and step S1 of the
calculation processing shown 1n FIG. 4 constitute a braking
operation state detecting section (means) according to the
present 1mvention. Step S2 of the calculation processing
shown 1n FIG. 4 constitutes a reference vehicle body decel-
eration setting section (means). Steps S6 through S31 of the
calculation processing shown 1n FIG. 4 constitutes a vehicle
body deceleration increment correction quantity setting sec-
tion (means). Step S35 1n the calculation processing shown in
FIG. 4, step S36, braking fluid pressure control umt 10, and
braking fluid pressure controller 13 constitute a braking force
controlling section (means). Step S32 of the calculation pro-
cessing shown 1n FIG. 4 constitutes an engine torque detect-
ing section (means). Steps S33 and S34 1n the calculation
processing shown 1n FIG. 4 constitute an engine torque cor-
responding deceleration correction quantity setting section
(means).

It1s noted that, in the second embodiment, the brake system
in which the braking force of each road wheel can be adjusted
separately and individually from the master cylinder pressure
1s an object. However, the brake control system according to
the present mvention 1s not limited to this. For example, the
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present invention 1s applicable to a, so-called, brake-by-wire
in which the brake system for all parts or part of the road
wheels 1s electrically connected to the master cylinder. The
braking operation state by the vehicle driver may be detected
according to, for example, a brake pedal stroke or a brake
pedal depression force, 1n place of the master cylinder pres-
sure. In these cases, it 1s possible to set the reference vehicle
body deceleration command value 1n the same way 1n accor-
dance with the brake pedal stroke or the brake pedal depres-
sion force. The number of the road wheels are not limited to
tour wheels but may be, for example, two wheels. In each of
the first and second embodiments, braking fluid pressure
controller 1s constituted by a microcomputer. However, the
present invention 1s not limited to this. In place of the micro-
computer, a calculation processing unit may appropriately be
used.

The entire contents of a Japanese Patent Application No.
2004-114138 (filed i Japan on Apr. 8, 2004) are herein
incorporated by reference. The scope of the invention 1is
defined with reference to the following claims.

What is claimed 1s:

1. A brake control system for an automotive vehicle, com-
prising:

a braking operation state detecting section configured to

detect a braking operation state by a vehicle driver;

a reference vehicle body deceleration setting section con-
figured to set a reference vehicle body deceleration 1n
accordance with the braking operation state detected by
the braking operation state detecting section;

a vehicle body deceleration increment correction quantity
setting section configured to set a vehicle body decel-
cration increment correction quantity in accordance
with at least one of a traveling velocity of the vehicle and
an elapsed time of braking; and

a braking force controlling section configured to control a
braking force of each road wheel on a basis of an addi-
tion value of the reference vehicle body deceleration set
by the reference vehicle body deceleration setting sec-
tion and the vehicle body deceleration increment correc-
tion quantity set by the vehicle body deceleration incre-
ment correction quantity setting section,

wherein the vehicle body deceleration increment correc-
tion quantity setting section 1s configured to set the
vehicle body deceleration increment correction quantity
to zero during a start of braking, to set the vehicle body
deceleration increment correction quantity to be gradu-
ally larger along with at least one of a decrease 1n the
traveling velocity of the vehicle and an increase in the
clapsed time of braking in a first region in which the
traveling velocity ofthe vehicle 1s equal to or higher than
a first predetermined traveling velocity, to set the vehicle
body deceleration increment correction quantity to a
substantially constant value 1n a second region 1n which
the traveling velocity of the vehicle 1s lower than the first
predetermined traveling velocity, and to set the vehicle
body deceleration increment correction quantity to zero
in a third region 1n which the traveling velocity of the
vehicle 1s higher than a second predetermined traveling
velocity which 1s higher than the first predetermined
traveling velocity.

2. A brake control system for an automotive vehicle as
claimed in claim 1, wherein the vehicle body deceleration
increment correction quantity setting section is configured to
set the vehicle body deceleration increment correction quan-
tity to be gradually larger along with at least one of the
decrease 1n the traveling velocity and the increase in the
clapsed time of braking in the first region 1n which the trav-
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cling velocity of the vehicle 1s equal to or higher than the first
predetermined traveling velocity at a variation rate having a
magnitude to a degree such that a vehicle driver feels that
deceleration 1s gradually increased, to a degree such that the
vehicle driver hardly feels the increase of the deceleration, or
to a degree such that the vehicle driver does not feel an
increase of a vehicle body pitching quantity.

3. A brake control system for an automotive vehicle as
claimed in claim 1, wherein the vehicle body deceleration
increment correction quantity setting section 1s configured to
set the vehicle body deceleration increment correction quan-
tity to be gradually smaller along with at least one of the
decrease 1n the traveling velocity of the vehicle and the
clapsed time of braking in a fourth region in which the trav-
cling velocity of the vehicle 1s lower than a third predeter-
mined traveling velocity which 1s lower than the first prede-
termined traveling velocity.

4. A brake control system for an automotive vehicle as
claimed 1n claim 1, wherein the brake control system further
comprises: an engine torque detecting section configured to
detect an engine torque; and an engine torque corresponding
deceleration correction quantity setting section configured to
set a deceleration correction quantity 1 accordance with the

engine torque detected by the engine torque detecting section,
and

wherein the braking force controlling section 1s configured

to subtract the deceleration correction quantity set by the
engine torque corresponding deceleration correction
quantity setting section to control the braking force of
cach road wheel.

5. A brake control system for an automotive vehicle as
claimed 1n claim 4, wherein the reference vehicle body decel-
cration setting section 1s configured to set the reference
vehicle body deceleration on a basis of a master cylinder
pressure.

6. A brake control system for an automotive vehicle as
claimed 1n claim 5, wherein the brake control system further
comprises: a first determining section configured to deter-
mine whether the traveling velocity of the vehicle 1s equal to
or lower than the second predetermined traveling velocity;
and a second determining section configured to determine
whether the traveling velocity of the vehicle 1s equal to or
higher than the first predetermined traveling velocity which 1s
lower than the second predetermined traveling velocity, and

wherein the vehicle body deceleration increment correc-

tion quantity setting section 1s configured to set the
vehicle body deceleration increment correction quantity
to zero when the first determiming section determines
that the traveling velocity of the vehicle 1s higher than
the second predetermined traveling velocity, to set the
vehicle body deceleration increment correction quantity
to the substantially constant value when the first deter-
mining section determines that the traveling velocity of
the vehicle 1s lower than the first predetermined travel-
ing velocity, and to set the vehicle body deceleration
increment correction quantity to be gradually larger
along with braking passage time when the second deter-
mining section determines that the traveling velocity of
the vehicle 1s equal to or higher than the first predeter-
mined traveling velocity and 1s equal to or lower than the
second predetermined traveling velocity.

7. A brake control system for an automotive vehicle as
claimed in claim 6, wherein the vehicle body deceleration
increment correction quantity setting section 1s configured to
set the vehicle body deceleration increment correction quan-

tity (AGc) to be gradually larger as AGc=Ao-CNT,
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wherein Ao denotes a predetermined increase rate and
CNT denotes a timer count value when the traveling
velocity of the vehicle 1s equal to or higher than the first
predetermined traveling velocity and equal to or lower
than the second predetermined traveling velocity.

8. A brake control system for an automotive vehicle as
claimed 1n claim 7, wherein the predetermined increase rate
(Ao) is 0.08 m/s*/sec during braking of 2 m/s” and the timer
count value 1s incremented by one whenever the traveling
velocity of the vehicle 1s equal to or higher than the first
predetermined traveling velocity and equal to or lower than
the second predetermined traveling velocity.

9. A brake control system for an automotive vehicle as
claimed 1n claim 7, wherein the first predetermined traveling
velocity 1s a velocity at which a vehicle driver starts to adjust
a vehicular stopped position or a velocity immediately before
a start of a selt-oscillation of a brake unait.

10. A brake control system for an automotive vehicle as
claimed 1n claim 9, wherein the first predetermined traveling
velocity 1s about 20 Km/h.

11. A brake control system for an automotive vehicle as
claimed in claim 7, wherein the second predetermined trav-
cling velocity 1s a velocity set from an upper limait value of an
ordinary traveling velocity at an urban area to an upper limait
value of an ordinary traveling velocity at a suburban area.

12. A brake control system for an automotive vehicle as
claimed 1n claim 11, wherein the second predetermined trav-
cling velocity 1s a velocity set from about 50 Km/h to about 70
Km/h.

13. A brake control system for an automotive vehicle as
claimed in claim 6, wherein the vehicle body deceleration
increment correction quantity setting section comprises a
reference vehicle body deceleration increment correction
quantity calculating section configured to calculate a refer-
ence vehicle body deceleration increment correction quantity
which corresponds to the vehicle body deceleration incre-
ment correction quantity in accordance with the traveling
velocity of the vehicle.

14. A brake system for an automotive vehicle as claimed 1n
claim 13, wherein the brake control system further comprises
a third determining section configured to determine whether
the traveling velocity of the vehicle 1s equal to or lower than
a third predetermined traveling velocity which 1s lower than
the first predetermined traveling velocity, and

wherein a reference vehicle body deceleration increment

correction quantity setting section 1s configured to set
the reference vehicle body deceleration increment cor-
rection quantity to be gradually smaller at a substantially
constant gradient along with the decrease 1n the traveling
velocity of the vehicle or the increase 1n the elapsed time
of braking when the third determining section deter-
mines that the traveling velocity of the vehicle 1s equal to
or lower than the third predetermined traveling velocity.

15. A brake control system for an automotive vehicle as
claimed 1n claim 14, wherein the third predetermined travel-
ing velocity 1s the traveling velocity having a magnitude to a
degree such that a resistance 1s hardly varied and 1s negligible
or the traveling velocity at which a driver torque transmitted
from an engine to driving wheels 1s changed from a negative
value to a positive value.

16. A brake control system for an automotive vehicle as
claimed 1n claim 14, wherein the vehicle body deceleration
increment correction quantity setting section sets the vehicle
body deceleration increment correction quantity to one of a
subtraction value of a reference vehicle body deceleration
increment correction quantity initial value from the calcu-
lated reference vehicle body deceleration increment correc-
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tion quantity and O, whichever 1s larger, and the brake control
system further comprises an engine torque corresponding
deceleration correction quantity calculating section config-
ured to calculate an engine torque corresponding deceleration
correction quantity on a basis of an engine torque.

17. A brake control system for an automotive vehicle as
claimed 1n claim 16, wherein the braking force controlling
section 1s configured to calculate a vehicle body deceleration
command value from a subtraction value of the engine torque
corresponding deceleration correction quantity from an addi-
tion value of a reference vehicle body deceleration command
value and the vehicle body deceleration increment correction
quantity.

18. A brake control system for an automotive vehicle,
comprising:

braking operation state detecting means for detecting a

braking operation state by a vehicle driver;

reference vehicle body deceleration setting means for set-

ting a reference vehicle body deceleration 1n accordance
with the braking operation state detected by the braking
operation state detecting means;

vehicle body deceleration increment correction quantity

setting means for setting a vehicle body deceleration
increment correction quantity in accordance with at least
one of a traveling velocity of the vehicle and a braking
passage time; and

braking force controlling means for controlling a braking

force of each road wheel on a basis of an addition value
of the reference vehicle body deceleration set by the
reference vehicle body deceleration setting means and
the vehicle body deceleration increment correction
quantity set by the vehicle body deceleration increment
correction quantity setting means,

wherein the vehicle body deceleration increment correc-

tion quantity setting means sets the vehicle body decel-
eration mcrement correction quantity to zero during a
start of braking, sets the vehicle body deceleration incre-
ment correction quantity to be gradually larger along
with at least one of a decrease 1n the traveling velocity of
the vehicle and an increase 1n an elapsed time of braking
in a first region in which the traveling velocity of the
vehicle 1s equal to or higher than a first predetermined
traveling velocity, sets the vehicle body deceleration
increment correction quantity to a substantially constant
value 1n a second region 1n which the traveling velocity
of the vehicle 1s lower than the first predetermined trav-
cling velocity, and sets the vehicle body deceleration
increment correction quantity to zero 1n a third region 1n
which the traveling velocity of the vehicle 1s higher than
a second predetermined traveling velocity which 1is
higher than the first predetermined traveling velocity.

19. A brake control method for an automotive vehicle,
comprising;

detecting a braking operation state by a vehicle driver;

setting a reference vehicle body deceleration 1n accordance

with the braking operation state detected at the braking
operation state detecting;

setting a vehicle body deceleration increment correction

quantity 1 accordance with at least one of a traveling
velocity of the vehicle and an elapsed time of braking;
and

controlling a braking force of each road wheel on a basis of

an addition value of the reference vehicle body decel-
cration set at the reference vehicle body deceleration
setting and the vehicle body deceleration increment cor-
rection quantity set at the vehicle body deceleration
increment correction quantity setting,
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wherein the vehicle body deceleration increment correc-

tion quantity setting comprises: setting the vehicle body
deceleration increment correction quantity to zero dur-
ing a start of braking, setting the vehicle body decelera-
tion increment correction quantity to be gradually larger
along with at least one of a decrease 1n the traveling
velocity of the vehicle and an increase 1n the elapsed
time of braking in a first region in which the traveling

velocity of the vehicle 1s equal to or higher than a first
predetermined traveling velocity, setting the vehicle
body deceleration increment correction quantity to a

16

substantially constant value 1n a second region 1n which
the traveling velocity of the vehicle 1s lower than the first

predetermined traveling velocity, and setting the vehicle
body deceleration increment correction quantity to zero
in a third region in which the traveling velocity of the
vehicle 1s higher than a second predetermined traveling
velocity which 1s higher than the first predetermined

traveling velocity.
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